General considerations
The reactions were performed using standard laboratory equipment. Air sensitive reactions were carried out under argon or nitrogen atmosphere using oven-dried glassware. Reactions were stirred using magnetic stirring and heated to specified temperatures using hotplates with temperature probe control and an adapted heating block. Lower temperatures were obtained using ice/water (0 ºC), dry ice/acetonitrile (-40 ºC), dry ice/acetone (-78 ºC). Büchi B-461, B-481 or B-490 were used for solvent evaporations (reduced pressure up to 15 mbar) and high vacuum apparatus was used to further dry the products. All chemicals were purchased from Sigma Aldrich, Alfa Aesar, Fisher Scientic, TCI UK, Fluorochem and used without further purification. Dry solvents were obtained from an MBRAUN SPS-800 solvent purification system.
All the reactions were monitored by thin-layer chromatography (TLC), which was performed on Merck Silica gel 60 F254 (0.20 m) and visualised by UV radiation (254 nm) or/and by staining with potassium permanganate solution (1.5 g KMnO4, 10 g K2CO3, 1.25 mL 10% NaOH, 200 mL distilled H2O). Manual column chromatography was performed using silica gel 60 (Merck, 230-400 mesh) under increased pressure (Flash Chromatography) or as gravitational column chromatography. The solvents used for the purification are indicated in the text and were purchased from fisher Scientific as laboratory grade. Automated column chromatography was performed on a Biotage ® Isolera Four using Biotage ® cartridges SNAP Ultra 10g, SNAP Ultra 25g, SNAP Ultra 50g, SNAP Ultra 100g. The solvents used for the purification are indicated in the text and were purchased from fisher Scientific as laboratory grade. To a stirred solution of KOH (0.324 g, 5.60 mmol) in degassed CH3OH (5.6 mL) at 0 °C, the isothiouronium salt S1 (0.303 g, 2.24 mmol) was added. After 30 min, propargyl bromide (80% in toluene, 0.35 mL, 3.36 mmol)
was added dropwise and the mixture left to warm up gradually to room temperature. The methanol was removed under vacuum, H2O (5 mL) was added and the residue extracted with CH2Cl2 (2 x 10 mL). Following drying and removal of solvent, the residue was purified by column chromatography using Biotage Isolera (gradient: 100 % hexane for 3 column volume (CV), then increased to 90:10 hexane: ethyl acetate over 5 CV and held over 3 CV), giving the propargylic alcohol 4 (0.157 g, 56% yield) as a colourless oil. Procedure. To a stirred solution of diphenyl diselenide (0.312 g, 1 mmol) in ethanol (5 mL), sodium borohydride (0.076 g, 2 mmol) was added portionwise at 0 °C under nitrogen atmosphere. During this process, the yellow colour of the reaction mixture faded away. Then 1,3-dibromopropane (0.4 mL, 4 mmol) was added dropwise, and the reaction mixture was stirred for 2 h. After completion, water (10 mL) was added to the reaction and the resulting mixture extracted with diethyl ether (3 x 10 mL). The organic layer was washed with brine (20 mL), dried over Mg2SO4, and the solvent evaporated. The crude was purified by chromatography using Biotage Isolera (gradient: 100 % hexane for 10 column volume (CV), then increased to 90:10 hexane: ethyl acetate over 10 CV) to give compound 5 (0.512 g, 92% yield) as a colourless oil. [1] General Procedure. Thiourea (0.198 g, 2. 60 mmol) was dissolved in acetonitrile (5 mL) under N2 atmosphere and the alkylbromide (2 mmol) was added to the solution which was then refluxed for 2 h. The reaction was cooled in an ice-bath to afford a white solid product that was filtered on a Büchner funnel. The product was
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washed with ice-cold acetonitrile (20 mL) and dried further on the high vacuum pump to yield the isothiouronium salt as a colourless solid.
2-(3-Hydroxypropyl)isothiouronium bromide (S1):
Synthesized according to the general procedure using 3-bromo-1-propanol (0.18 mL, 2 mmol). The isothiouronium salt S1 (0.344 g, 80% yield) was obtained as a colourless solid. . m.p. = 89 -91 ºC.
2-(3-(Phenylselanyl)propyl)isothiouronium bromide (S2):
Synthesized according to the general procedure using 5 (0.512 g, 3.7 mmol). The isothiouronium salt S2 (1.06 g, 81% yield) was obtained as a colourless solid. Alcohol 4 (0.195 g, 1.5 mmol) and 2-nitrophenylselenium cyanate (0.340 g, 1.5 mmol) were dissolved in THF (5 mL) under argon atmosphere at room temperature. Tributylphosphine (0.38 mL, 1.5 mmol) was added and the reaction mixture was left stirring for 2 h. After completion, the reaction was quenched with NH4Cl solution (10 mL) and extracted with ethyl acetate (3 x 20 mL). The combined organic phases were dried over Mg2SO4, filtered and concentrated. The crude product was purified by column chromatography using Biotage Isolera
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(gradient: 100% hexane for 3 column volume (CV), then increased to 90:20 hexane: ethyl acetate over 15 CV and held over 3 CV) to give compound 6a (306 mg, 65% yield) as a yellow oil. .
(E/Z)-3-((3-((2-Nitrophenyl)selanyl)propyl)thio)prop-1-en-1-yl) ethanethioate (7a):
The propargylic sulfide 6a (0.300 g, 0.96 mmol) was dissolved in degassed toluene (2 mL) and the solution heated to 85 °C under N2. AIBN (15.8 mg, 10 mol%) or ACCN (23.4 mg, 10 mol%) was added to the solution directly, followed by the dropwise addition of thioacetic acid (75 µL, 1.06 mmol) in toluene (1 mL) over 40 minutes using a syringe pump. The mixture was left stirring for 1 h. The reaction was then quenched with aqueous saturated solution of sodium carbonate (3 mL) and the toluene removed under vacuum. The remaining residue was extracted with CH2Cl2 (2 x 10 mL) and the combined extracts were washed with brine (2 x 10 mL) and dried over MgSO4. .
(E/Z)-1-Allyl-2-(3-((3-((2-nitrophenyl)selanyl)propyl)thio)prop-1-en-1-yl)disulfane (9a):

S8
The vinyl thioacetate 7a (0.190 g, 0.46 mmol) was dissolved in degassed CH3OH (0.5 mL) and the solution was cooled to -40 ºC and stirred under N2. KOH (26.9 mg, 0.48 mmol) in degassed methanol (0.5 mL) was added slowly and the reaction left stirring for 45 minutes, after which it was cooled down to -78 ºC. S-allyl 4-methylbenzenesulfonothioate (0.116 g, 0.51 mmol) dissolved in CH2Cl2 (0.5 mL) was added and the reaction allowed to stir for an hour at -78 ºC before being allowed to warm up. The reaction was quenched with saturated ammonium chloride (5 mL), the solvents were removed under vacuum on the rotary evaporator, and the resulting residue extracted with CH2Cl2 (3 x 10 mL). The combined extracts were washed with brine (2 x 10 mL) and dried over MgSO4. .
(E/Z)-1-Allyl-2-(3-((3-(phenylselanyl)propyl)thio)prop-1-en-1-yl)disulfane (9b):
Synthesized according to the procedure shown for 9a using 7b (0.160 g, 0.46 mmol) as starting material. .
(E/Z)-1-Allyl-2-(3-(allylsulfinyl)prop-1-en-1-yl)disulfane (Ajoene) (2):
General procedure: The vinyl disulfide 9a (0.140 g, 0.33 mmol) dissolved in THF (3 mL) was cooled to 0 °C under N2, and H2O2 (30% w/w in H2O, 0.075 mL, 0.66 mmol) added dropwise. The reaction was allowed to proceed for 1 h at 0 °C and then warmed to rt (2 h). Saturated NaHCO3 aq. solution (5 mL) was added and the residue was extracted with EtOAc (2×10 mL). The combined fractions were washed with brine (2×10 mL) and dried over MgSO4. The solvent was removed under vacuum and the resulting residue purified by column chromatography using Biotage Isolera (gradient 100% hexane for 2 column volume (CV), then increased to 20:80 hexane: diethyl ether over 10 CV, held over 5 CV, increased to 0:100 over 5 CV and held over 10 CV diethyl ether) to afford ajoene 2 (21 mg, 27%, d.r. E/Z = 0.56:1) as a pale yellow oil.
Following the general procedure, compound 7b (0.120 g, 0.33 mmol) was also used to synthesise ajoene 2 (17.7 mg, 23%, d.r. E/Z = 0.60:1).
E-isomer:
1 H NMR (400 MHz, CDCl3): δ = 3.29 (d, J = 7.6 Hz, 2H, CH2CH=CH2), 4H, CH2CH=CH2, CH2CH=CH), 2H, CH2CH=CH2), 2H, CH2CH=CH2), 3H, CH2CH=CH2, CH2CH=CH and CH2CH=CH2), 6.31 (d, J = 14.8 Hz, 1H, CH2CH=CH) ppm. [2] S10 Z-isomer: 3.37 (d, J = 7.3 Hz, 2H, CH2CH=CH2), 4H, CH2CH=CH2, CH2CH=CH), 2H, CH2CH=CH2), 2H, CH2CH=CH2), 3H, CH2CH=CH2, CH2CH=CH and CH2CH=CH2), 6.56 (d, J = 9.5 Hz, 1H, CH2CH=CH) . The spectroscopic data are in agreement with literature. [2] (E/Z)-S-(3-(Allylsulfinyl)prop-1-en-1-yl) ethanethioate (10):
The vinyl thioacetate 7b (0.200 g, 0.58 mmol) dissolved in CH2Cl2 (6 mL) was cooled to 0 °C under N2, and m-CPBA (0.200 g, 1.16 mmol) was added in one portion. The reaction proceeded for 1 h at 0 °C and before being allowed to warm to room temperature, DIPA (0.16 mL, 1.16 mmol) was added. After 2 hours reaction, saturated NaHCO3 aqueous solution (5 mL) was added and the residue was extracted with CH2Cl2 (3×10 mL). The combined fractions were washed with brine (2×10 mL) and dried over Mg2SO4. The solvent was removed under vacuum and the resulting residue purified by column chromatography using Biotage Isolera (gradient: 
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The vinyl thioacetate 7b (0.100 g, 0.28 mmol) dissolved in mixture of CH3OH (1.5 mL) and H2O (0.45 mL) was cooled to 0 °C under N2, and NaIO4 (0.123 g, 0.57 mmol) was added in one portion. The reaction proceeded for 1 h at 0 °C and before being allowed to warm to room temperature. After 4 hours reaction, saturated NaHCO3 aqueous solution (5 mL) was added and the residue was extracted with CH2Cl2 (3 × 10 mL). The combined fractions were washed with brine (2 × 5 mL) and dried over MgSO4. The solvent was removed under vacuum and the resulting residue purified by column chromatography using Biotage Isolera (gradient: 100% hexane for 3 column volume (CV), increased to 10% ethyl acetate over 3 CV, then increased to 0:100 over 5 CV and held over 5 CV ethyl acetate) to give compound 11 (0.050 g, 50% yield, d.r. E/Z = 0.55:1) as a pale yellow oil. 
E-isomer:
S-Allyl 4-methylbenzenesulfonothioate (8):
General procedure. Allyl chloride (0.16 mL, 2 mmol) and potassium p-toluenethiosulfonate (0.588 g, 2.6 mmol)
were dissolved in DMF (3 mL) and stirred at room temperature for 2 h. The solution was then suspended in water (20 mL), which was extracted with EtOAc (2×10 mL). The combined extracts were washed with water (2×20 mL) to remove any residual DMF. Following drying over MgSO4 and solvent evaporation the product was obtained as a colourless oil (0.319 g, 70% yield).
